Objective-To explore associations between exposure to cement dust and cause specific mortality and tumour morbidity, especially gastrointestinal tumours.
employment (SIR 1-6,95% confidence interval (95% CI) 1-1-2-3), mainly due to an increased risk for tumours in the right part of the colon (SIR 2-7, 95% CI 1-4-4-8), but not in the left part (SIR 1-0, 95% CI 03-2-5). There was a numerical increase of rectal cancer (SIR 1-5, 95% CI 08-2 5). Exposure (duration of blue collar employment)-response relations were found for right sided colon cancer. After .25 years of cement work, the risk was fourfold (SIR 4'3,95% . There was no excess of stomach cancer or respiratory cancer. Neither total mortality nor cause specific mortality were significantly increased.
Conclusions-Diverging risk patterns for
tumours with different localisations within the large bowel were found in the morbidity study. Long term exposure to cement dust was a risk factor for right sided colon cancer. The mortality study did not show this risk. In a recent case-referent study of gastrointestinal tumours in a Swedish village,' we found that colorectal cancers were associated with Portland cement production; the odds ratio for 25 or more years of blue collar employment was threefold. Further, an association between large bowel tumours and inhalation of various dusts has previously been reported.2 An excess of these tumours was also noted among workers exposed to metal dust and abrasives. 34 Furthermore, in a cohort of asbestos cement orkers,5 we have found a surprisingly high risk for colorectal tumours, compared with cohorts of workers in other branches of the asbestos industry. Thus there is some epidemiological evidence that exposure to inorganic dusts may cause colorectal cancer, but more data are needed.
An increased risk for stomach cancer among cement workers has been suggested, 6 although there are contradictory data.7 Several studies have suggested that workers exposed to inorganic dusts have an increased risk of stomach cancer."' It has been questioned whether this is due to exposure to dust or to lifestyle factors,'4 '5 as several studies have failed to show a relation between dose of dust and risk.'"'8 In our previous case-referent study, the odds ratio for any blue collar employment in the cement plant was increased among cases with oesophageal or stomach cancer, but short term employment predominated, which makes a causal relation less likely. The numerical excess of upper gastrointestinal tumours among short time employees indicated in our study might instead be attributed to the excess of cancers often seen in short time employees.'9 Hence, whether causality exists between exposure to inorganic dusts and stomach cancer is still unclear.
In a small study of masons handling cement,2' lung cancer was seen in excess. Also, an increased risk of lung cancer other than adenocarcinoma was found in a case-control study among workers with prolonged exposure to high levels of concrete dust (possible concomitant exposure to silica), as well as a cluster of lung cancer among lorry drivers exposed to cement and silica.2' Also, laryngeal cancers 
Material and methods

CEMENT PRODUCTION AND PLANT HISTORY
The cement making process starts with quarrying and crushing of raw marlstone and limestone. The crushing of the raw materials is done in two steps. The first step is always dry. In the second step the material is either ground together with water into a slurry (wet method) or handled dry (dry method).
The silica content is adjusted, if necessary, by addition of sand. The raw mix is heated to 1400°C in a rotatory kiln and calcined to clinker. After cooling, the clinker is mixed with gypsum (4%), and raw limestone (3%), and a final grinding process takes place. During the last few years, ferrous sulphate has been added for the reduction of chromium (Cr6" to Cr3'). The finished cement is then stored in silos, packed, and transported from the plant.
Apart from the dusts generated in the cement making process, inhaled contaminants may come from the combustion of fuel and exposures encountered in the maintenance of plant and equipment. As in all high temperature industrial production, asbestos has been used for insulation until the past few years.
Cement foremen at each plant. Together, they scored the intensity of dust exposure for each job category as no (white collar work), slight (for example, workers in supply depots, custodians, workers in the laboratory, and in the workshops), medium (for example, repair and maintenance work partly in the workshops and partly in the production area; most quarry workers), or high (most workers in the production area and in packing operations). This coding was done independently at each plant. For comparable job types, the classifications turned out to be consistent. For each worker, job histories were extracted from the plant records. Cumulated employment time in blue collar work was determined. Thus for a man who had been both a blue collar and a white collar worker, the employment periods as a white collar worker were disregarded. For a few men, the type of work during a certain period could not be determined and this employment period was disregarded.
The highest exposure intensity category that a worker reached was used as one index of exposure. This measure was highly correlated with intensity of exposure category at the first job assignment and also with the category for the job assignment with the longest duration.
Based on interviews with plant personnel, information on production history, dust measurements, and a general knowledge on industrial exposure to dust, an exposure matrix was constructed ( 
Results
In the total cohort, neither overall mortality, nor cause specific non-malignant mortality differed significantly from national rates (table 3). The pattern Table 3 Mortality and specific causes of death 1952-86 in men employedfor at least 12 months in two cement plants Particularly for the colon there was a significant increase of cancers in the right part, but not in the left part. For cancer in the right part of the colon, the relative risk increased with increasing time since the start of blue collar employment and with increasing duration of blue collar employment; this was especially so in plant B (table 5) . After > 25 years of blue collar employment, the relative risk was fourfold (SIR 4-31, 95% CI 1-73-8-87). There was no doseresponse relation using exposure intensity category as an exposure index (not taking duration of exposure and estimated changes in dust concentrations into account). With cumulated dose as another index of exposure it was evident that most excess right sided color cancers were localised in the highest dose category (> 100 units; SIR 4-37,95% CI 1-8-9-0). In plant B SIRs increased with increasing cumulated dose; in plant A there was no such trend. When each worker was classified as to the duration or dose that had been achieved 15 years earlier (lag) the pattern did not change but the point estimates were somewhat higher.
For cancer in the left part of the colon (not in table) there was a discrepancy between plants, as there were no left sided colon cancers in plant A; furthermore, the four left sided colon cancers found in plant B were evenly localised across all exposure strata. Rectal cancers (11 observed v 7-9 expected among blue collar workers) were found in both plants, localised in all exposure strata without any trend of increasing relative risk with increasing duration of employment or cumulated dose (not in table).
For cancers of the stomach and pancreas among blue collar workers, the same types of analyses as for colorectal cancers were performed (not in tables). Overall, there were no increases and no significant dose-response patterns. Also, discrepancies existed between the plants. In plant B, more stomach cancers than expected were allocated to categories with long and heavy exposure, whereas in plant A, by contrast, an overall deficit and a deficit in the longer exposure/ time since start of exposure categories was found. There was a numerical excess of cancers of the pancreas in plant A (six observed, SIR 2-67, 95% CI 0 98-5-8), allocated to categories with long and heavy exposure; no cases were found in plant B.
Review of the job histories of cases with cancer of the colon, rectum, and pancreas did not show any clustering of specific job titles. In plant B five of the nine men with stomach cancer had been working in Table 5 Relations between time since start of employment and risk, duration of blue-collar employment and risk, and cumulated dose and risk for right-sided colon cancer (ICD 1530 (ICD -1531 
CHARACTERISTICS OF CASES OF GASTROINTESTINAL CANCER
All cancers of the colon, rectum, and pancreas (morbidity) from plant A were verified by histology or cytology, as were three of five stomach cancers. In plant B, all colon cancers, five of six rectal cancers, and seven of eight stomach cancers were verified in this way. Only adenocarcinomas were found. Radiographic investigations had been performed in the other cases. Ofthe 19 men with colon cancer, 1 1 were deceased. Only six of them had had colon cancer noted as the cause of death; furthermore, for none ofthem was the subsite stated in the death certificate the same as in the tumour registry notification.
Discussion
In our previous community based case referent study' an excess of colorectal cancers among long term cement workers (from plant A) was found. This finding was corroborated in the present study, combining results from two cement plants with similar production history-the mentioned plant A, and plant B located in a different region in Sweden.
It has, however, been pointed out32 that colon cancers-or even cancer in different subsites of the colon-should be considered different from each other and from rectal cancer.233 Diverging international incidence patterns over time, diverging sex, age, and social class distributions, and different patterns for known risk factors, are the epidemiological basis for the arguments in favour of such a separation. Differences have been noted in the biological properties of proximal and distal segments of normal colonic epithelium, and in the pathological, cytogenetic, and molecular features of proximal and distal colorectal cancer (reviewed in 33). Evidence of physiological variations within the large bowel is also accumulating.3 Thus these biological differencesmaydeterminedifferencesinsusceptibility to environmental agents within the large bowel. In a tumour registry based case-control study of colon cancer, analyses by anatomic subsite showed that excess risk for an occupational group was usually confined to a single subsite, which further suggests some specificity of effect.35
In the present study, the excess ofcolorectal cancer was mainly due to an increase of cancer in the ascendent and transverse parts of the colon. The risk was fourfold after ) 25 years of employment. It should be stressed that we were able to find this increased risk only when we used cancer morbidity data. The mortality study was not sensitive enough, due to a low mortality from colon cancer (one third), and because death certificate notes on cancer subsite were not accurate enough.
What is the evidence for a causal relation between cement dust and cancer in the right part of the colon? In answering this question, criteria such as time relation, dose-response, consistency, strength of the association, and biological plausibility should be considered. 36 which would lead to bias in the opposite direction of the risk if the reference population has a high proportion of farmers. A problem is that the proportions of blue collar workers and farmers differ in the two counties surrounding the present factories. This may explain why the incidence of gastrointestinal cancer varies between these regions (in county A there was a lower colon cancer morbidity and a higher rectal cancer morbidity compared with both county B and the country). Also, there are other possibilities, such as variations in dietary habits, which are known to affect the risk. 32 The most reasonable solution to the problem of choosing a relevant reference population is to use the respective county rates, as we have done. Even if the magnitude of the relative risk for colon and rectal cancer might be biased by use of improper reference rates, time-response and dose-response patterns ought not to be affected. It must, however, be kept in mind that for all exposure categories, there is a substantial uncertainty with the point estimates of the relative risk in each time or dose interval, due to small numbers. Thus the data are consistent with a variety of exposure-response pattems.
A raised risk for colorectal tumours in cement workers has not been previously described, except in our earlier case-referent study. In that study, colorectal cancers combined were examined. A reanalysis of this study showed, however, that the risk (work in plant A) was confined to cancers in the right part of the colon and in the rectum. It should be noted that the highest point estimates and the clearest dose-response relations for right-sided colon cancers in the present study were seen in plant B-that is, not around the plant of the original observation in the case-referent study. Interestingly, in a registry based mortality study of cement workers, a non-significantly raised SMR of 1-88 for rectal tumours was noted. 6 There are few studies of workers exposed to inorganic dusts that report results for separate sites within the large bowel. A risk of colorectal cancer associated with cement is indicated by the fact that in a cohort ofasbestos-cement workers, we have found a surprisingly high risk for colorectal tumours compared with reports of cohorts of workers in other areas of the asbestos industry.5 Also, some reports exist of an increased risk of colorectal cancer associated with exposure to various other inorganic dusts. In a cohort of metal grinders, an excess of colorectal cancer was ascribed to exposure to dust from metals and abrasives.3 In some studies of metal workers (also exposed to cutting oils) rectal cancers, but not colon cancers were reported to be in 
